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(Received 2 July 2016; revised manuscript received 6 October 2017; published xxxxxx) 13 The knowledge of lattice thermal conductivity of materials under realistic conditions is vitally important since many modern technologies require either high or low thermal conductivity. Here, we propose a theoretical model for determining lattice thermal conductivity, which takes into account the effect of microstructure. It is based on ab initio description that includes the temperature dependence of the interatomic force constants and treats anharmonic lattice vibrations. We choose ScN as a model system, comparing the computational predictions to the experimental data by time-domain thermoreflectance. Our experimental results show a trend of reduction in lattice thermal conductivity with decreasing domain size predicted by the theoretical model. These results suggest a possibility to control thermal conductivity by microstructural tailoring and provide a predictive tool for the effect of the microstructure on the lattice thermal conductivity of materials based on ab initio calculations. Design of modern materials inevitably requires taking the 24 thermal conductivity into account [1] . For thermoelectric 25 materials a low thermal conductivity is crucial to avoid 26 heat transfer across the legs and therefore loss in energy 27 conversion efficiency [2] . In contrast, electronic components 28 require packaging materials with high thermal conductivity to 29 efficiently dissipate the generated heat [3] . Furthermore, the 30 more complex the devices become, the higher is the demand 31 to control the interplay between microstructure and thermal 32 performance [4, 5] [14, 15] .
72
To address these general research questions, we choose 73 scandium nitride as a model system. There is an increasing 74 interest in ScN for a wide range of applications [16] , such 75 as a dislocation-reducing buffer for group III nitrides [17] Thermal conductivities of ScN samples were measured 158 using time-domain thermoreflectance (TDTR). We only briefly 159 describe the measurements here; details of the TDTR setup and 160 implementation can be found in Ref. [40] . Before conducting 161 TDTR measurements, the samples were coated with an ∼80-162 nm-thick Al as transducer. In TDTR measurements, laser 163 pulses from an ultrafast laser are split into a pump beam 164 and a probe beam. The pump beam is modulated and heats 165 the sample periodically, creating a temperature oscillation 166 in the sample. The probe beam monitors the temperature 167 oscillation at sample surface via thermoreflectance (i.e., 168 change of reflectance with temperature). Since the induced 169 temperature oscillation depends on the thermal properties of 170 the sample, TDTR is an accurate approach to measure the 171 thermal conductance of interface and thermal conductivity of 172 nanostructures [41] [42] [43] . In the measurements of ScN samples, 173 we use a 1/e 2 laser radius of 10 µm, a modulation frequency of 174 10 MHz, and total laser power of ∼40 mW to limit the steady-175 state temperature rise to <10 K. The thermal conductivities 176 of ScN and thermal conductance of Al/ScN are then derived 177 by comparing the TDTR measurements to the calculations of 178 the thermal model [44] . In the analysis, the thickness of Al 179 transducer is determined by picosecond acoustics [45] while 180 the heat capacity of ScN is from the literature value of bulk 181 ScN [46] . The measurement uncertainties are estimated to be 182 ∼6% for all measured thermal conductivities.
183 Figure 1 shows the calculated dynamical structure factor 184 S(q,E) of ScN at room temperature, showing signs of strongly 185 anharmonic behavior. There is a faint satellite peak from the 186 transverse optical (TO) mode around the point, owing to the 187 many available scattering channels between the acoustic and 188 optical branches in this region. This is reminiscent of PbTe and 189 SnTe [15] . In addition, the sample grown at deposition temperature (T d ) 230 of 700
• C exhibits epitaxial growth, which can be seen from 231 TEM [ Fig. 4(f) and Supplemental Material [47] ). Samples 232 grown at T d = 400−600
• C show columnar polycrystalline 233 structure and triangular contrast at the interface between film 234 Therefore, we can estimate the average out-of-plane domain 247 size using Scherrer's formula [54] . From the XRD results, the respectively. This is consistent with transmission electron 255 microscopy (see Fig. S4 in Supplemental Material [47] ).
256
All ScN films were grown to the same thickness of 257 about 200 nm (see Fig. S2 in Supplemental Material [47] ).
258
The phonon thermal conductivity of all the samples was 259 determined from κ ph = κ tot − κ e , where κ tot is the total thermal 260 conductivity and κ e is the electronic thermal conductivity, • C sample is also particularly low (see Fig. S3 in 278 Supplemental Material [47] ). This indicates that the quality 279 of the sample (in terms of surface oxidation and/or impurity 280 content) is not as good compared to other samples. On the other 281 hand, the epitaxial film exhibits a phonon thermal conductivity 282 of 10.5 Wm −1 K −1 which is similar to previous values reported 283 for epitaxial ScN films [19, 55] .
284
Overall, the results show an increase of phonon thermal 285 conductivity with increasing domain size. These results agree 286 well with our calculated phonon thermal conductivity, but with 287 a systematic difference of a factor of ∼2. For example, the 288 predicted phonon thermal conductivity of a polycrystalline 289 film with 10-nm domain size is ∼10. 
